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;. INTRODUCTrON

Th_s i.s the tw_:ntieth mon,Lly progress report to tBe Nat:o,aa.1 Aerona,_F_C_:_

._nd Sp:_ce Administration (NASA} ,,rider C'.mtracl NAS 1-1330. This repo.*t covors

"b: f-_:"t.c.:r_c,:, tcati.n_._, a:,.d delivery <,f A}gol 5o]:d rocket t_c-to.-s to:" the Scout

,:::-_:,.,_.'. [he t)_'cgrai-n has u.'.:de:'gone nun_.crous eedirectior, s =ip, ce it was initiated;

,.-'. :.-_J_n:,_.a.rv of the orog:'arn l",t:_tory iF; as fol;o\v_:

DR OGRAM IMIL,ESTONES

Ncvembes- i96i

I an v.ary 1963

February 1962

.April tO63

_me l'?6g

Novembc _" Iq6Z

D.e zember 19'62

]ac<_.ry !963

_vent

The Algol t phase of the program \v._ts e.,_t_.b]tshed w:th th,_ recefpt
of _ letter,* of fnteut covering [7 Algol I. motors: i6 deli.ver'f too.-

tots and or, e motor for static f_ting.

Direction was received for tl_e development of a hey; mo, vr

{designated Algol. IIA) _._.d the reduction of the number of motor,._

:n the existing Algol I phase.

Ammendment _o the co,_.tract was received that reduced the mm-_-

ber of Algol I motors *o nine. The or'_gi.n;_.] Algol II phase ,cot'-

Msted of the design,, deve!opmee.t:. ?..nd tes_r_g of 14 Algo: ;!A
motors: ten delivery motors ar, d fou_" rnoto:-s for stat;c fir:rigs:

del_ve::v of three Algol Du_! Tr._r:_poz'te:.'s; a,:,d too]:ng for orcc.-

essing four m-.q.t,:_ per n-tonth.

Go_-tract ,_egot.i.atio,_s were completed on :ecope of wo_-k defz-_ed

Co"_trac'.. change. .,- -*; c.__..e (GCN) 1 was rece, ved for the fabr.,,:-_.,:',z,v.

_<,d delivery of two bore:scopes.

A contrac_ w_,_ negotfa.ted for a. follow-e::: order fox _b.e de!!',er',,

of 1 3 add_tior_a! .Algol ri:A motor _;.

D_rection was ,-.eceived ",o reduce the A?go] 7:.A motor d,:_l:,e,'.r¥

":ate from four to twc, units per rno-,.th, v;k)ch extended the

delivery schedv,!e by 6 mo,_.ths.

Authorit,¢ was received to proceed with reh_.bi!}t_.ting ',}'e Aiigc2
DA-3 chamber for a_" additlora} {fifth) st#tic tes*

D_.recrio_, was '-ece.i,.ed for the f, ftb st_,':c test t_, be cond:_.v.t,.-d

.....A- _eb._ilit:a.'.eq. <h:ambe-.,.-.as proposed w_tb the Algol :r 3
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;, _utcoduction (cont.)

The Algol i phase of the program was completed in M-iy

_i.o:",s of this past effort are e.o longer reported,

i962. and de__crip,-

41 •The schedule for the Algol IIA program (Figure I) shows _.1c reduc:_.lo_: "_,n

lr, e delivery rate for Algol IIA motors from four to two ur, its per month _n con-..

=!iance with the direction received in November 196g. A]so scheduled, i_

..cco-_'dance with the direction received in January, 1963: is the fifth firit_g, th._.t

o'. the rei_abilitated iIA-3 motor, IIA-3 (Rehab). The f._ring _s schcd_:led fc;r

February 25.

r,7, SUMM/_RY

The production schedule was accelerated during the month of _,'a_*_,._,-_ry to

compensate for the delay J.n December c:tused by the e difficulty in obiaining a suit..

able hard core. Motors SN 15, 16, 17, and 18 were al! cast _,_ January and the

_roduction effort is now back on schedule. The i[A-3 r,..'habJlitatect chamber w',s

originally schedu!ed to be completed by 7 Janaavy i963, but_ because of i.r.s,_la.

lion p_ob!ems, was not completed until 3i January 1963. The c.ast.i',_g da_, _ was

,herefore not met and motor SN I]A-18 was cast in _ta place, Motor t}_A--3 fReh_Lb)

-,_-iJl be cast the second week in February I963, and the firing was postponed from

t6 to g5 February 1963.

Mc4or IIA-13 is ready to be radiogrophicaIly inspected a,,d delivered :;is

"_cc,:: as the nozzle is installed. Motor's IIA-14 and -i5 :viii be :ser_l to No.v<]

A:_'_unition Depot (NAD) Concord, Calif,, for radiographic _.nspection, Motors

flA-16 arid -17 are in process. :"

Laboratory and subscale-rnotor firing data ire being coi]ected for the

>,,._rning-rate study being conducted concurrently with tl_e development program.

These data will be compared with flight..test d:Jta _hen _vali.-lb.le.
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i[. Summary (cont.)

An igniter-squib test program is also being conducted as a zesult of a

rtcent investigation of the entire Scout ignition system.

:12. PROGRAM STATUS

A. DESIGN

The basic development phase of the prograna was completed with tLe

fou,_'t]_ static firing. The last two motors were of flight conf._g_iration_and data

'_ron_ these tests demonstrated the effectiveness of the design; conseq_enlly, t}:e

design of the major components has been established. A fmai (fifth) motor _t_lll

be fired to confirm motor ballistics, acceptabil'.ty of the aluminum core, and

q_talif:cation of a seco.,:d.-source nozzle from CTL, Santa A:-a_ Cahf.

A comprehensive study of rnotor performance variations and pzed;ct.

ability will be submitted as a separate report. Inforn_.ation compiled to da'e or;:

fabrication variations in motor hardware and propellant processing variatSor, s i:+

showing good correlation for the somewhat limited data available. As the :;a_e:

of motors processed, fired, and/or launched increases, these data w_l] be s_apple_

mented and will be useful for predicting Scout-vehicle performance.

A summary of motor weights of all AIgo! IIA motors produccrJ to dat_

ts presented in Figure 2.

B. FABRICATION

The chambers for the follow-on order {13 motors),!..'e being fa.bri..

cared. The insulated chamber for Algol t!A-22 has been received, b:'_,',gJag tSe

total insulated chambers received to nine. The nozzle fabricxtioa for _he io}to,_'-.

_n order is proceeding and the first three nozzles "_,ere receJ,'ed _n Novet_zber:

_:our additional units were received in January, bringing the total received _o seven.
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Ill. B, Fabrication (cont.)

The authority to proceed with the processing of the Algol I[A-3 rehabll_lated

c}'amber was received on 4 December 1962. This chamber was immediately

shipped to Cell-Bell Chemical Company for cleaning and to Ke-,-_ Prodt_ct-z for

_ns_,.latinF,. The ins_.la_ip.g o[- this cha_-..ber wa_; delayed bt_:aase _<he a:t ,._peni,,_.g

,_ _l_e chan'_ber was found to be . 015 in. too smal] to accomr,",odate the exJs.:ir.,g

att ia.y_p tool. Therefore, it was necessary to fabricate a temporary tool _hat

-:as an adjustable ring. This tool. can be used on future chambers that might

i'_.-ave a slrni!ar discrepancy. This insulation delay caused the firing date of the

::fth static test to be sl_pped :o 25 February 1963.

C. MOTOR PROCESSING AND SHIPPING

i. Motor Processing

Processing of the Algol IIA motor was affected by a NASA direc.

t,ve, TWX 337-338, S. T. Butler to C. W. Parr--Subject: Radiographic Insr_ec-

t.:on--Dated 30 August i962. This directive added the requirement to the ev, ntract

that all deliverable motors be inspected with either a borescope or r-xd;ograph.

Motors IIA-4 through -9 were processed with Styrofoam star points irnbeddc-d i,,

the grain. These Styrofoam inserts were originally u.sed to change the config_'.ra--

tion of the temporary wood cores for a grain-design modification. Because

:.__dequate release agents are unavai!able, these inserts are not released from the

propellaut and become an integral part of the motor. The presence of lhe Styro-

foam irt the bore of the grain physically obstructs the use of a borescope for

inspecting the motor interior, After several attempts, the Styrofoam was mecham=

cally removed from motors IIA-6 and -7. Motor IIA-7 was borescopicallv inspec-

ted in conjunction with the borescope training program conducted by Aeroget-

General for NASA personnel.
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.:H, C, Motor Processing and Shipping (cont.)

Wood inserts were used in n_otors iiA-lO, -I:, -12, and -13

and without any complications. An aluminum hard core was used in casting all

subsequent motors. The following sumrnary of the '.status of the motors ir.clud,:_s

-,vo Phase I motc, rs, Algol !D-33 and -34:

Mor.o r Status

UA-.i3 Nozzle to be installed

2_A-14 To be de!ivered

iiA- 15 To be delJve red

!!A-16 In final assembly

![A- t_ Being cured

IlA-18 Being cast

1D-33 In storage

ID-34 In storage

Grain Status

Wood lnse]'t, r{-rno,.:ed

Aluminum hard core,

removed

Aluminum hard core,

ren_oved

Aluminum hard core,

removed

Alun]inurn hard core

Aluminum hard core

Steel core, removed

Steel core, removed

Inspection Status;

To be radiographlcaJ!v
in:,pected ,_t NAD

To be radiographiL.-_iJ_

inspect°.'d at NAD

To be ra.diogr:.aph_c:_l! F

inspecled at NAD

To be radiographica_!v

inspected at NAD

To be radiograph:c.aiiy

inspected at NAD

To be radic, graphicai]y

inspected a.t NAD

No radiog:raphic

inspectior_ req_ired

No :-adiograph:c

_.n spe c t'.or, required

2, Shipping

Algol IIA Government-furnished equipment {GFE} now ::: ._'tor_,,:e

at Aerojet-General consists of the following:

item SeTial No.

Dual transporter ATT-£

Dual transporter ATT-3

Transtainer (') T - 10

Transta_ner • T .. 13

(I)Transtainer 'T- 1
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iI_. C, Motor Processing and Shipping (cont. }

Item

APU (temperature conlrol) (1' 2)

APU (temperature control} (l' 2)

APU (temperattlrc control} (1' Z)

APU (temperature control) (g)

APU (temperature control} (2)

Serial No.

!09B621179i i09B62118 i

.10C63,i807/40C634808

40C6347 97 ,"40C654810

40C634798/40C634812

7 0C639496/7 0c63687_?

(l)

(2)

- ,-_9Reference Dwg 0 3203 c-

Does not include tic-down chain

D. IGNITER SQUIB TEST PROGRAM

A recent inlensive investigation of the entire Scout ignition system

inciuded an investzgatior_ of the Algol IIA igniter. As a part of thts ip.vestigation.

information concerning the Algol IIA squib performance characteristics was

requested. Data on some of the performance characteristics was submitted by

technical letter to NASA. Also included were details of a squib testing program

_:o be sponsored jointly by NASA Cont.racts NAS 1-1330 and NAS 9-456 to preclude

dtlplicat,.on of effort. Concurrence in the program has not vet been received;

bey:ever, the effort has contimled and the tests to which the squibs will be subjected

have been established. The Squib Acceptance-plan Flow Chart is shown in Figure 3.

The fol]owing tests will be conducted:

1. Parr-Bomb t-Ieat Output

The heat output will be measured by using samples of tI_e squ_b-

,.:ha-:ge composition, i.e., (a) Ho_ex ignition primer mixture; (bI.AGC-fu-rnished

_gr,1t.,on powder; (c) AGC-furnished pyrotechnic powder only. Thelcomposit._on

s',andards will be based on the results of the first lot. All subsequenl lots of

composition will be accepted on the basis of the initial-lot test results._
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Ill, D, Igniter Squib Test Program (co_t.)

Z. Radi[lo Test

Radiflo-test all squibs. Units showing leakage, will be rejected.

5. No-Fire- a,nd Mimraum-Fire Cur.relzts Ghar:_cteristics

An experirner_t based on Bcuceton analysis, ce,'_tered about the

I -amp, l-watt, 5-rain no--fire condition, will be perfo.,'mcd,

Amperage will be the variable. Each unil will be tested on one

bridgewire only, altowing the unfired units to be used for furth(:r testi-'_gl w':th

the second bridgewire. The results w_ll determine the distribution', of the no-fire

amperage. The lot shall be rejected if the .999 no--fire _'eliability at the 95%

confidence level falls below 1.0 amp. This test _.,Jilialso give the dist:'ibutler of

the minimum firing current.

ao

b.

Co

d,

Sample size = 40 utlits

Urffired units left foz" further testi,;,g = 20 (_zpproxim;_telr,_}

Fire all units -_t sea-level cond:t:o,._.s, .at !i0°Y

3
All units fired in a 1.0-in. _'o_ume chazz_L.er

4. Functioning-Time V_ri ar'.ce

An experiment based on Bruceton ar.alys:s: to dererm;r.,.e the.

functionirLg tin,.e at the recommended anaperage: wqll be perforn'1_. The .a:_.zpezsge

-,v]l_remain constant and the duration of application will be varied. Each u._:.tv,':_)

be tested on one bridgewi1"e only, allowing the unf-red orits _o b_ used fo_" _-_z'tbev

testLng. Results of the te_t will determine the d_st.'ibufirm of the f,_nc:t_on; .... t_n-,e

7
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tli, D, Igniter Sq_:ib Te.st Program (cont.)

The lot shall be rejected if the variance about the average exceeds i .00l

milliseconds at a reliability of ,999 and a confidence level of 95%. The ave,'age

wii! be established with the first lot of squibs accepted, All future lots must have

ao

b.

C,

d.

Sample size : 40 units

Unfired units left for further testing= 20 (approximately}

Fire units at altitude conditions, at 30°1 _

3
All units fired in a [, 0-in. vo]ume chamber

5. Functioning-Time Curve

The functioning-time curve will be determined by firing four

squibs at each of the followir;g: X-amps, 2X amps, 4X amps, 8X amps, and !6X

amps, where X is the raise-to-fire amperage as determined in the i3ruceton

analysis of the no-fire characteristics.

6. Drop 'rest

Twelve units (of random orientation) will be st:bjected "to a 6 ......

3
drop test and fired in a l. 0-in. volume chamber at sea level and recc;mme_.de(i

firing current. This test is for inforn_.ation only a_d will not be used for accept-

reject criteria.

7. Autoignition

3
Eight units will be fired at 3500F for 8 hr in a I. 0-ir_,

•.._,u_ae chan_ber at sea level and recommended firing current. This test is for

iafc._rmation only and will not be used for accept-reject criteria.

8
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tiI, D, Igniter Squib Test Program {cont.)

8. Pressure Test

Pressure-test all fired units (100) to 2000 psig at 350_F for

Z rain. The lot -_hall be rejected if any units show leakage.

E, TOOLING

The tooling schedule is shown in Figure 4. The third aluminum hard

core was :'eceived and inspected. Inspection revealed surface ';rregularities and

dinaensional discrepancies; consequently, the core was returned to the vendor

:or rework. Receipt of this reworked core is expected the first week of February.

IV. FUTURE WORK

A. Processing of delivery motors will contin,te during February. Algol

motors IIA-13 through -16 witl be shipped to Naval Am:munition Depot, Concord_

Calif. for radiographic inspection. After inspection, the units wilt be shipped

to their final destinations.

B. The reworked third hard core wil] be received.

C. Fabrication required for the follow-on order of i5 sets of l ner_ parts

will continue.

D. The refurbished Algol IIA-3 motor, designated ]iA-3 (Rehab), as

scheduled to be statically fired at ambient tempe_ature on Z5 Fcbruar}. i96_.

Following the firing, preliminary ballistic, thermai_ and jet-vane-force d_t__

will be reduced and forwarded to NASA for review.

9
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